For a prospecdive study of lead exposure and early development, we recruited pregnant women from a lead smelter town and from an un town in Yugoslavia and followed their children through 7 years ofage. In this paper we consider associations between lifetime lead exosure, estimated by the area under the blood lead (BPb) versus time curve (AUC7), and intelligence, with particular concern for identiying lead's behavioral signature. The Wechsler Intelligence Scales for Children-Version III (WISC-III) was administered to 309 7-year-old children, 261 of whom had complete data on intllince, blood lead, and relevant sociodemographic covariates [i.e., Home Observation for the Measurement of the Environment (HOME), birth weight, gender, sibship size, and maternal age, ethnicity, intelligence, and education]. These showed anticipated associations with 7-year intelligence, eplaning 4147% of the variance in Full Scale, Performance, and Verbal IQ. Before covarate adjustment, AUC7 was unrelated to intelligece; after adjustment, AUC7 explained a s4iflcant 2.8%-4.2% of the variace in IQ. After adjustment, a change in lifitime BPb from 10 to 30 pg/dl related to an estimated decrease of 4.3 Full Scale IQpoints; estimated decreases for Verbal and Performance IQ were 3.4 and 4.5 points, respeely. AUC7 was significantly and negtily related to three WISC-III factor scores: -Freedom from Distactibility, Perceptual Organization, and Verbal Comprehension; the association with Perceptual Organization was the strongest. Consistent with previous studies, the IQ/lead association is small relative to more powerful social factors. Findings offer suppor for lead's behavioral siture: perceptual-motor skils are significantly more sensitive to leud exposure than are the language-related aspects of intelligence. Key swrd:. child development, intelligence, lead, perceptual motor functioning, WISC-IlI. Environ Heakh Perspect 105:956-962 (1997). hp//ehis.nie/inih.gov
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In the Port Pirie prospective study of children residing in a smelter town, cumulative exposure, estimated by lifetime average blood lead, was negatively associated with Wechsler Intelligence Scale for ChildrenRevised (WISC-R) Full Scale IQ at ages 7-8 years, even after control for sociodemographic confounders (5) . Depending on the age at which blood lead concentration (BPb) was examined, an increase from 10 to 30 pg/dl was associated with a 4-7 point decrement in covariate-adjusted IQ scores. In another report from Port Pirie (6) in which cumulative exposure was estimated by lead levels in shed teeth, an increase in dentine lead from 3 to 22 ppm was associated with a decline in covariate-adjusted WISC-R Full Scale IQ of 5.1 points.
Similar results have been reported for cohorts in Cincinnati, Ohio, and Boston, Massachusetts. In Cincinnatti, mean BPb concentrations in children at 5 and 6 years of age (but not earlier) were associated with lower WISC-R Full Scale IQ scores at 6.5 years (4), even after covariate adjustment. In Boston, 2-year BPb levels were significantly associated with lower covariate-adjusted WISC-R Full Scale IQ scores at 10 years of age (8) (12) . In Cincinnati in 6-year-old children (13) , postnatal BPb was associated with poorer functioning on those subtests of the Bruininks-Oseretsky Test of Motor Proficiency that reflect similar visual-motor skills (visual-motor control, upper limb speed and dexterity, fine motor composite).
More fine-grained examinations of WISC subscale scores in school-age children also suggest an association between lead exposure and problems in visual-motor functioning. In Port Pirie children at 7 years of age, two separate reports link lifetime average BPb concentration (5) and tooth lead concentration (6) to certain WISC-R subscales. In Boston, BPb in 2-year-old children also showed adverse associations with particular WISC-R subscales at age 10 years (14) . Despite differences across studies in which WISC subscales are most sensitive to lead exposure, the Block Design subtest is associated with lead exposure in all three. This subtest requires the child to manually reproduce with blocks a picture of a visually presented pattern. It is noteworthy that this is the same function assessed on the VMI Articles -The Yugoslavia prospective study and on many of the subcomponents of the MSCA Perceptual-Performance subscale, both of which have also been found to be particularly sensitive to lead effects.
Factor analysis of the WISC-R subscales consistently yields three factors: Perceptual Organization, Verbal Comprehension, and Freedom from Distractibility (15) . Perceptual Organization is another measure of visual-motor integration. In Boston (14) , after covariate adjustment, postnatal BPb was not significantly related to either Perceptual Organization or to the Verbal Comprehension factor, although it was negatively related to scores on the Freedom from Distractibility factor in 10-year-olds. The latter taps a range of skills, including planning ability and distractibility (16) , and is found to be significantly lower in children with attention-deficit hyperactivity disorder (ADHD) (17) (18) (19) . Thus, this observation is consistent with clinical reports of problems in attention and distractibility in lead-exposed children (20) (21) (22) Subjects. Details of the study and sample selection for the prospective study have been previously described (2) . Briefly, 706 infants were invited to participate in a follow-up study involving visits at 6-month intervals. Of these, the parents of 577 children consented and brought the child to one or more visits by age 7.5 years.
The present analyses consider assessments of intellectual functioning at ages 5 and 7 years. Of those who consented, 318 children were seen for their 5-year visit. Two hundred fifty-six children were seen for a subsequent wave of cognitive testing at 6.5 years; of those not tested at 6.5 years, an additional 35 and 18 children, respectively, were evaluated at 7.0 and 7.5 years. Data from these 309 children evaluated at 6.5, 7.0, or 7.5 years of age, were consolidated and are referred to below as having been seen at age 7.
Procedure. At midpregnancy, delivery, and at subsequent 6-month intervals, venous blood samples were taken for measuring BPb (25) , erythrocyte protoporphyrin (EP) (26) , serum ferritin (SF) (27) The WPPSI-R, standardized on U.S. children between 3 and 7 years of age, includes five verbal and five performance subscales (29) . We examined Full Scale, Performance, and Verbal IQ.
An adaptation of the preschool version of the Home Observation for Measurement of the Environment [HOME (30) ], in structured interview format, was administered to each family when children were approximately 3 years of age during a home visit to assess the quality of the childrearing environment. This measure is widely used as a predictor of child intelligence and achievement (31) . The total score was used in the present analyses.
Maternal intelligence was assessed with Raven's Standard Progressive Matrices (32), a nonverbal test relatively free of cultural influences.
BPb levels measured at intervals close in time (e.g., at 6-month intervals) are highly correlated, making analyses using each separate age assessment of BPb redundant. For this reason, we defined a priori three developmental intervals for which cumulative exposure could be estimated (1) . For the present report, these intervals were birth to 2 years, 2-4 years, and 4- Table 2 Volume 105, Number 9, September 1997 * Environmental Health Perspectives Articles * The Yugoslavia prospective study shows univariate associations between strata of covariates and intelligence at for HOME and between 4.1 and 6.3% for ethnicity. Children living in more adequate homes (higher HOME score) and those of Serbian ethnicity had significantly higher 7-year intelligence scores. Children of older and more educated and intelligent mothers had significantly higher IQ scores at age 7, as did those whose birth weights were higher. Neither child sex nor sibship size made significant contributions to 7-year IQ when other covariates were taken into consideration. Taken altogether, these covariates explained approximately 44-50% of the variance in Full Scale, Performance, Residual scores for Full Scale, Verbal, and Performance IQ, adjusted for the set of covariates and plotted against AUC7, showed relatively linear dose-response associations that spanned the range of BPb concentrations. Full Scale IQ is plotted in Figure 2 ; patterns were similar for Verbal and Performance IQ. In Figure 2 , scores for Pristina cluster on the left and those for Mitrovica cluster on the right.
Analyses (2), and on IQ (MSCA) at ages 3 and 4 years (1). Thus, despite an increase in cumulative exposure, maturation, and a change in the test used, the strength of the lead-intelligence association is remarkably consistent. Among the numerous strengths of the present investigation are the length of followup, the broad range of both exposures and social factors, and the opportunity to replicate the work of others in a different cultural context. A limitation is the relatively high rate of loss to follow-up (45% of the recruited sample). To some degree, this reflects the difficulties in conducting a longitudinal study in a setting characterized by ethnic strife.
As in other studies, we find the adverse impact of BPb on IQ to be small in comparison to the more substantial impact of sociodemographic variables. For example, in the current analyses, the quality of the HOME, measured at ages 3-4 years, explained 25-30% of (35) , is a site that accumulates lead in animals (36) (37) (38) and in humans (39) . In particular, the strongest associations with lead were found with the Perceptual Organization factor, while lead was less strongly associated with the Verbal Comprehension factor, even after covariate adjustment.
One other report examined associations between WISC-R factors and BPb (14) . While that report noted no significant associations between BPb and either the Verbal Comprehension or Perceptual Organization factor, it did note a signficant adverse association between postnatal (24-month) BPb and the Freedom from Distractibility factor. In the present investigation, we also found a significant adverse association between postnatal BPb and the Freedom from Distractibility factor, perhaps reflecting difficulties in the management of attention.
The actual interpretation of the significance of the Freedom from Distractibility factor is somewhat controversial (16) . The factor may reflect the mental processes used in planning, processes that reflect the sequencing of actions, or processes that underlie resistance to distractions. Early clinical studies noted an increased likelihood of symptoms of ADHD (20, 21) in lead-exposed children, although more recent systematic studies find such associations to be very small (40) (41) (42) , and lead has not been linked to the full clinical disorder of ADHD. Nonetheless, children with ADHD do indeed often score more poorly on Freedom from Distractibility. The inconsistency in reports of a Pb-ADHD connection may therefore reflect underlying problems in both lead-exposed and ADHD children in the planning and sequencing of actions. These underlying planning and sequencing deficits may account for the phenotypic correspondence between the sequelae of lead exposure and ADHD.
In conclusion, we find small but statistically significant adverse associations between environmental Pb exposure and intelligence in school-aged children. Cognitive functions that relate to perceptual organization and to resistance to distractions seem to be more negatively affected by lead exposure than are other functions, such as language comprehension. These associations were not apparent until sociodemographic covariates were controlled, indicating that in the present sample, these variables suppress the associations between Pb and intelligence. Indeed, despite the wide differences in exposure levels between the two towns studied, the unadjusted mean IQ scores of the children were virtually identical. We 
